Millipore filters placed underneath agar block cultures of Phytophthora parasitica were able to adsorb hormones ct' and ct2 produced by A' and A2 mating types of the fungus, respectively. Both hormones were released from moistened Millipore filters by extraction with ether, which on evaporation resulted in aqueous hormone extracts. Isolated hormones cll and ct2 stimulated oospore formation by A2 and A' mating types of P. parasitica, respectively, when they were adsorbed on small pieces of Millipore filter, but not when they were added directly to agar cultures. Hormones ctl and ct2 were removed from aqueous solutions by both cation and anion exchange resins, and could be eluted from the resins by ether. Both hormones a' and ct2 were able to pass through membranes with a molecular weight cut-off of 1000 and 500, but not 100 and 50.
INTRODUCTION
Sexual reproduction in both cross-inducing (KO, Uchida & Aragaki, 1980; Yu & Chang, 1980) and self-inducing (KO, 1980a, Ann & KO, 1980) species of Phytophthora has been shown with a polycarbonate membrane technique to be regulated by hormones; the substances concerned might more properly be called pheromones (Kochert, 1978) . For cross-inducing species of Phytophthora, it has been postulated that the initiation of oospore formation in the A2 mating type depends on the presence of an active receptor to hormone ctl secreted by A' mating type, and that oospore formation by A' mating type depends on hormone at originating in At mating type (KO, 1978, 1980a) . According to this hypothesis, self-inducing species of Phytophthora are capable of producing oospores in single cultures because of the presence of receptors for hormones produced by themselves. Sixteen sexuality types were proposed for members of the genus Phytophthora to cover all possible combinations of hormone production and hormone reception (KO, 1980a) . Two of the predicted sexuality types have subsequently been found in Phytophthora palmivora isolated from cattleya (KO & Kunimoto, 1981) .
It has been reported recently that A' and A2 mating types of P. parasitica can be reversibly converted to the opposite mating type, resulting in changes in both hormone production and hormone reception (KO, 198 1) .
When Phytophthora colocasiae A 2 was used as a hormone producer and P. parasitica A ' as a hormone recipient, it was found that induction of sexual reproduction by ct hormones can occur in only a few hours (Yu et al., 1981) . The reported inhibition of oospore production in Phytophthora by light was also found to be due primarily to suppression of hormone production and only slightly to suppression of oospore development after induction by hormones. The effect of temperature on hormone production was different from its effect on oospore formation after hormone induction. Hormone production was very poor at 30 "C, but oospore development was favoured at that temperature. I report here the isolation and partial characterization of ct hormones produced by P. parasitica.
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METHODS
Hormone adsorption.
A block (20 x 15 x 3 mm) of 20% (v/v) V-8 agar [20% (w/v) V-8 juice, 0.04% (w/v) CaCO, and 2% (w/v) Bacto agar] freshly inoculated with the A' (p991) or A2 (p731) isolate of P. parasitica was placed on top of an adsorption material and separated by a polycarbonate membrane (0-2 pm, 90 mm diam. ; Nucleopore, Pleasanton, Calif., U.S.A.) in a Petri dish. The adsorption materials tested included: (1) 2% (w/v) water agar block (30 x 30 x 3 mm); (2) 0 4 % (w/v) water agarose (SeaKem HGT-P Agarose, Marine Colloids, Rockland, Me., U.S.A.) block (30 x 30 x 3 mm); (3) two layers of filter paper (Whatman No. 1, 55 mm diam.); (4) two layers of polycarbonate membrane (0.2 pm, 47 mm diam.); and (5) two layers of Millipore filter (GSWP, 0.22 pm, 47 mm diam.). Both polycarbonate membranes and Millipore filters were placed between moistened filter papers and sterilized by autoclaving. After incubation in a dark moist chamber for 4 d at 24 "C, the membranes and culture blocks were removed. A culture block (15 x 10 x 3 mm) of opposite mating type grown on 5% V-8 agar (5% V-8 juice, 0.02% CaCO, and 2% Bacto agar) for 8 d at 24 "C was inverted on the top of each adsorption material and incubated for 6 d as described above, before counting the number of oospores produced. After it had been found that hormone was adsorbed on Millipore filters, experiments were conducted to determine the effect of supporting materials on amounts of hormones adsorbed by the filters. A freshly inoculated culture block on a polycarbonate membrane (90 mm diam.) was placed on a Millipore filter (47 mm diam.), which was laid on the following supporting materials in Petri dishes: (1) 2% water agar block; (2) 0.8% water agarose block; (3) two layers of filter paper; (4) one layer of Millipore filter; and ( 5 ) 10% V-8 agar (10% V-8 juice, 0.02% CaC03 and 2% Bacto agar) block. After incubation for 4 d, the membranes and culture blocks were removed, culture blocks of the opposite mating types were inverted on the Millipore filters, and the plates were further incubated as described above. Two replicates were used for each treatment and experiments were repeated once.
Hormone isolation. Hormones secreted from mycelia during their growth on V-8 agar were adsorbed on Millipore filters and isolated from these filters by extraction with ether after incubation. A sterile Millipore filter (GSWP, 0.22 pm, 90 mm diam.) placed on 10% V-8 agar in a Petri dish was covered with about 15 blocks (about 20 x 15 x 3 mm) of 40% V-8 agar (40% V-8 juice mixed with 0.02% CaCOj and adjusted to pH 8 with 1 M-KOH, and 2% Bacto agar) each with a small piece (about 1 x 1 x 1 mm) of inoculum of A' or A* isolate of P. parasitica. Ten plates were used each time for each mating type. After incubation at 24 "C for 4 d, culture blocks were removed and 10 Millipore filters incubated with the same mating type were shaken vigorously in a shaker at 156 strokes min-' with 70 ml ether (anhydrous, purified; J. T. Baker Chemical Co., Phillipsburg, N.J., U.S.A.) in a 500 ml flask tightly capped with aluminium foil. Before use in hormone extraction, 200 ml ether was washed twice with 400 ml distilled water by shaking in a 1000 ml separation funnel. Washed ether contained a small amount of water. The ether extract, in a Petri dish or its cover (150 mm diam.), was evaporated in a fume hood at room temperature (about 24 "C). About 5 ml aqueous solution was obtained after evaporation of the ether. The aqueous solutions were centrifuged at 15000 r.p.m. for 10 min and sterilized by filtration through a polycarbonate membrane (0.2 pm, 47 mm diam.). Sterility was confirmed by incubating three drops (about 50 pl each) of the hormone extract on a 10% V-8 agar plate at 24 "C for 6 d. Two plates were used for each type of hormone.
Treatments with ion exchange resins. A cation exchange resin (Rexyn 102, organic weak acid, 100-200 mesh; Fisher Scientific Co., N.J., U.S.A.) and an anion exchange resin (Rexyn 203, organic weak base, 16-50 mesh; Fisher Scientific Co.) were washed with distilled water before use as described by KO & Hora (1972) . Five ml aqueous solution of hormone was shaken with 1 g cation exchange resin or 5 g of anion exchange resin in a 50 ml flask capped with aluminium foil at 156 strokes min-' for 30 min. After overnight storage in a refrigerator, the extract was filtered through a polycarbonate membrane, and the filtrate was extracted with 10 ml of ether in a 50 ml separation funnel. The ether portion was evaporated in a Petri dish or its cover (100 mm diam.) in a fume hood. The resulting aqueous solution was adjusted to 0.2 ml with sterile distilled water before bioassay. The resins were each washed three times with 50 ml distilled water before extraction with 10 ml ether by shaking for 30 min. The ether extract was evaporated and the resulting aqueous solution was adjusted to 0.2 ml as described above. Hormone solutions that were not treated with ion exchange resins were run through the same extraction procedures as the filtrate and used as controls.
Bioassay. Two drops (about 50 pl each) of hormone extract were adsorbed on a piece (1 5 x 10 mm) of Millipore filter, which was then inverted on a culture block (1 5 x 10 x 3 mm) of the A' or A2 isolate of P. parasitica grown on 5% V-8 agar at 24 "C for 8 d. Petri dishes containing treated culture blocks were incubated in a dark moist chamber at 24 "C. When sterility was required, Millipore filter pieces were sterilized by propylene oxide as described by Hansen & Snyder (1947) . After 6 d, the Millipore filters were removed and the numbers of oospores produced on the surface of culture blocks were recorded. Treatments also included culture blocks with the same amount of hormone extracts spread directly on the surface. Two replicates were used for each treatment and experiments were repeated at least twice.
Estimation of molecular weight. Ultrafiltration and reverse osmosis membranes with molecular weight cut-offs of 50, 100,500 and 1000 (43 mm diam.; Spectrum Medical Industries Inc., 430 Middle Village Station, N.Y., U.S.A.) were used to estimate molecular weights of c1 hormones. Millipore filters (0.22 pm, 47 mm diam.) with a molecular weight cut-off larger than 1000000 were also included in the tests. Membranes were moistened with distilled water before use. For hormone a?, both A ' and A' isolates of P. parasitica were grown on 10% V-8 agar at 24 "C for 6 d. A culture block (15 x 10 x 3 mm) of A ' isolate placed in the centre of a Petri dish was covered with two layers of sterile polycarbonate membrane (90 mm diam.) with an ultrafiltration, reverse osmosis or Millipore filter membrane placed in between and paired with an A' block on top. Since the A' isolate of P. parasitica is relatively insensitive to hormone a', but its sensitivity can be increased by aging (KO, 1978) , a culture block of A ? isolate of P. pnrasitica grown on 5 % V-8 agar at 25 "C for I8 d was used to test for this hormone. It was placed in the centre of a Petri dish, covered with the membranes and paired with a 10% V-8 agar block newly inoculated with a small piece of A ' isolate. The numbers of oospores produced by the isolate in the lower position were recorded after incubation in a dark, moist chamber for 6 d at 24°C.
R E S U L T S
During incubation with a single mating type of P. parasitica, Millipore filters were able to adsorb a hormones, which then stimulated the opposite mating type to form oospores. The amounts of oospores induced by hormones a1 and a2 were 61 cm-2 and 459 cm-2, respectively. Water agar, water agarose, filter papers and Nucleopore membranes were ineffective in retaining the hormones. Less than two oospores cm-2 were produced in all these treatments. Of different materials used to support Millipore filters during incubation with hormone producers, V-8 juice agar greatly increased the numbers of oospores produced (Table 1) . When filter papers were used, neither hormone a1 and a2 was detectable on Millipore filters.
Hormones, after being released from Millipore filters by extraction with ether and left dissolved in water when the ether had evaporated, were able to induce oospore formation only when they were adsorbed on small pieces of Millipore filter, but not when they were added directly to agar cultures. Partially purified hormone a' stimulated oospore formation of the A' (561 oospores crn-*) and not the A ' isolate of P. parasitica, whereas hormone a2 stimulated A ' (102 oospores crn-*) but not A*. V-8 agar containing extract of hormone a' or a ' remained sterile after incubation for 6 d at 24°C. Extracts of Millipore filters incubated with noninoculated V-8 juice agar, which were used as controls, were not stimulatory to oospore formation of either A' or A 2 mating type of P. parasitica. Stimulation of oospore formation by hormones adsorbed on Millipore filter pieces was similar when the Millipore filter was in direct contact with the culture block and when a polycarbonate membrane was interposed. Non-sterile hormone extracts were as effective as sterile extracts in stimulating oospore formation. It was not necessary to sterilize Millipore filter pieces. Non-sterile extracts and Millipore filter pieces were, therefore, used in the subsequent experiments.
A yellowish oil-like substance was obtained when the aqueous solution of hormone a' or a2 was lyophilized. When this substance was dissolved in distilled water and the aqueous solution was further diluted, the stirnulatory effect of both hormones a' and a2 decreased with increasing dilution ( Table 2) . When solutions of hormone a' or a2 were treated with cation or anion exchange resins, no activity remained in the aqueous phase, but the hormones were released from the resins on extraction with ether (Table 3 ). Both hormones a1 and a2 were able to pass through membranes with a molecular weight cut-off of 1000 and 500, but not 100 and 50 (Table 4 ).
DISCUSSION
The isolated hormones have the same mating-type specificity in inducing oospore formation as the cultures from which they were derived. Hormone a1 is stimulatory to oospore formation of A', but not A' mating type of P. parasitica, and hormone a2 is stimulatory to A', but not A 2 mating type. Hormones a' and a* appear to have certain common characteristics. Molecular weight estimation with ultrafiltration and reverse osmosis membranes suggests that both hormones a1 and a2 have molecular weights between 100 and 500. Both hormones can be adsorbed by cation and anion exchange resins, and released from the resins on extraction with ether. * After shaking with hormone solution, resins were washed with water and extracted with ether, which was then evaporated. The resulting aqueous solution was adjusted to 0.2 ml with sterile distilled water before bioassay. KO, 1980b) . This study shows that inappropriate isolation procedures may be the main reason for previous failures. a-Hormones adsorbed on Millipore filters are effective, but not hormones added directly to agar cultures. It is not known why this is so, but Millipore filters may prevent inactivation of the hormones by agar media. This would also explain why oospores were produced only on the surface in direct contact with the membranes when opposite mating types were paired on polycarbonate membranes (KO, 1978).
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